Abstract
INTRODUCTION
Recently, a growing interest has been devoted to the application of frequency selective surfaces (FSS) [1] for obtaining specific electromagnetic properties, such as artificial surfaces, artificial magnetic conductors, enhanced directivity, electromagnetic band-gap properties. Another field of interest is the integration of FSS with phased array antennas [2] , with the purpose of improving the antenna performance (widening of scan region, scan-blindness removal [3] , wide angle impedance matching [4] ). In this work, a method is proposed for the analysis of multilayered FSS integrated with phased array antennas. The radiating elements are rectangular waveguides. The structure includes a multi-layered cover with an arbitrary number of dielectric layers and FSSs. The analysis is based on the assumption that the structures are periodic and large with respect to the wavelength. The array excitation amplitude may be uniform or weakly varying (e.g. tapered excitation) with respect to the periodicity. With these hypothesis, the entire structure can be considered as infinite and periodic; this allows to expand the electromagnetic quantities (fields and currents) in terms of Floquet wave (FW) expansion, thus, reducing the analysis to a single periodic cell. The problem is solved by a full-wave analysis of each individual periodic interface (array or FSS) with the pertinent Green's function. From the method of moment matrix, an equivalent multimode impedance or admittance matrix of the periodic surface is derived [5] , which permits to achieve a multimode equivalent network of the entire structure. The blocks interconnection is realized using conventional transmission-line methods. The order of the multimode equivalent network is determined by the number of accessible modes [6] , that are those FWs which are responsible of the interaction between two adjacent periodic interfaces. This approach drastically reduces the numerical effort and provides a physical insight into the mechanism of the interaction between the aforementioned structures. Based on this technique, a software has been developed, which provides an useful tool for the design of integrated FSS covers for phased array antennas. The primary goal is the achievement of an out-of-band frequency rejection for EMI reduction in complex environments. Additional benefits that can be reached with these structures and will be investigated are wide angle impedance matching and surface wave suppression (for widening of the array blindness-free scan region).
FORMULATION
The structure under study is shown in Figure  1 (a). In the overall structure an arbitrary number of dielectric layers can be present to support the FSSs. The thickness of the metal of the FSSs is assumed to be zero. The unit periodic cell approach is applied (Figure 1(b) ). The method of moments (MoM) is applied separately to each discontinuity of the periodic cell (array of waveguides or FSS), with the aim to describe each transition by the relative immittance matrix (impedance for aperture-type FSS and waveguide array and admittance for patch-type FSS) as shown in the example of Figure 2 . Once the periodic interfaces (array and FSS) are characterized by their immittance matrices, the complete equivalent network is solved using conventional transmission-line techniques. The size of the matrices depends on the number of accessible modes [5] , and this concept is briefly introduced in the following. . The accessible modes are lower order modes, propagating or evanescent, that reach the aperture-type FSS and are therefore responsible for the energy exchange. The localized modes are higher-order modes, below cut-off and with high attenuation constant, that do not interact with the aperture-type FSS and take into account the reactive energy near the patch-type FSS. Only the accessible modes need to be included in the multi-mode equivalent network in order to describe interaction between the two FSS. This approach is generalized to take account of an arbitrary numbers of FSS and the array. The formulation is similar to that in [2] , but we suggest here a different scheme to derive the equivalent immittance matrices.
EQUIVALENT IMMITTANCE MATRICES
The derivation of the immittance matrices for aperture-type and patch-type FSS is provided in [6] and is here omitted for brevity sake. For aperture-type FSS the equivalent impedance matrix is given by 
FAST INTERPOLATION OF SCATTERING MATRIX
In order to design the FSS geometry to be integrated with the phased array antenna, it is necessary to predict the angular behavior of the structure in the frequency range of interest. This can prejudice the computational time saving, due to the large amount of required numerical simulations. To reduce computational time a fast interpolation algorithm for the scattering matrix has been proposed. (The choice of the scattering matrix instead of the admittance or impedance matrices allows for a unique representation for both patch-type and aperture-type periodic surfaces). Due to the complex poles-zeros nature of the scattering matrix entries an adaptive sampling algorithm for the generation of a bivariate interpolation, based on a Thieletype branched continued fraction representation of the function, is implemented [8] . The interpolation can be performed at fixed frequency or over the entire frequency band. In the single-frequency case, the interpolated function (the elements of the scattering matrix) is a bivariate function of the spherical coordinates (θ,ϕ), representing the direction of incidence. Future extensions may include the frequency interpolation in order to obtain fast and efficient models for wideband applications. The convergence of the iterative process is tested by using cumulative residual functions defined as 
VALIDATION AND NUMERICAL RESULTS
In order to validate the methodology and the developed software, the configuration of Fig. 3 has been simulated, using a laptop (CPU Pentium M725 1.6GHz, 512 MB RAM 
